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1A Is it possible to find the norm of the system 𝑮(𝑺) = [

𝟏

𝒔−𝟏
𝟎

𝟎
𝟏𝟎

𝒔+𝟏

]? Justify your answer. 

1B Find ‖ ‖∞ and ‖ ‖𝟐 norms of 𝐆(𝐬) =
𝟏

𝐬+𝛂
−

𝟐

𝐬+𝟐𝛂
 as a function of real parameter ‘α’. 

 

1C What do you mean by 2-norm and ∞-norm of the system? Find the 2-norm of the system 𝐆(𝐬) = [

2

𝑠+10
20

𝑠+1

]. 

(2+3+5) 

2A Show that set of all controllers of plant 𝑷 ∈ 𝑹𝓗∞ for which the feedback system shown in Fig. Q2A is 

internally stable is given by 𝑪 = {
𝑸

𝟏−𝑷𝑸
∶ 𝑸 ∈ 𝑹𝓗∞}. 

2B Find  
𝒆

𝒓
,

𝒚

𝒅
 and 

𝒚

𝒓
  ratios and illustrate the sensitivity transfer function 𝑆(𝑠) and complementary sensitivity 

transfer function 𝑇(𝑠) for the unity feedback system as shown in Fig. Q2A. Also, show that 𝝈̅(𝑺(𝒋𝝎)) +

𝝈̅(𝑻(𝒋𝝎)) ≥ 𝟏, ∀𝝎. 

2C Prove that feedback system shown in Fig. Q2A is internally stable if and only if the two conditions: a) the 

transfer function 𝟏 + 𝑷𝑪𝑭 has no zeros in 𝑹𝒆𝒔 ≥ 𝟎 and, b) there is no pole-zero cancellation in 𝑹𝒆𝒔 ≥ 𝟎 when 

product 𝑷𝑪𝑭 is formed. 

(2+3+5) 

3A Consider the standard feedback loop shown in Fig. Q2A, where 𝑃(𝑠) =
1

𝑠2−1
  𝐶(𝑠) =

𝑠−1

𝑠+1
 and 𝐹(𝑠) = 1, 𝑛 =

𝑑 = 0. Is the feedback loop stable? Justify your answer. 

3B Assume that unity feedback system as shown in Fig. Q2A is internally stable and 𝑛 = 𝒅 = 𝟎. Show that if 

input  𝒓(𝒕) is the unit step then 𝒆(𝒕) → 𝟎 as 𝒕 → ∞ if and only if sensitivity transfer function 𝑺(𝒔) has at least 

one zero at the origin. 

3C Derive robust performance condition for the feedback control system having additive uncertainty plant model. 

(2+3+5) 

4A Define all-pass and minimum phase transfer function with examples. 
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4B Derive robust stability condition for the feedback system shown in Fig. Q4B. 

4C State and prove small gain theorem with neat diagrams. 

(2+3+5) 

5A Consider nominal plant 𝑷(𝒔) =
𝟏

𝒔+𝒂𝟎
 and actual plant model 𝑷̃(𝒔) =

𝟏

𝒔+𝒂
 𝐰𝐢𝐭𝐡 𝒂 = 𝒂𝟎 + 𝜹𝜹𝒎, |𝜹| ≤ 𝟏.  

Assume suitable weighting function 𝑾 and rewrite uncertain system in the form 𝑷̃ = 𝑷(𝟏 + ∆𝑾)−𝟏, where ∆ 

is stable transfer function given by ∆= 𝜹 with|𝜹| ≤ 𝟏. 

5B Compute an internally stabilizing controller for the given plant model 𝑮(𝒔) =
𝟏

(𝒔+𝟏)(𝒔+𝟐)
 in the unity feedback 

system so that output asymptotically tracks a ramp input. 

5C For the given weighting functions 𝑾∆ and 𝑾𝑷 , derive the conditions on loop function 𝑳 for the regions 𝑨, 𝑩 

and 𝑪 as shown in the Fig. Q5C to satisfy robust performance inequality ‖|𝑾𝒑𝑺| + |𝑾∆𝑻|‖
∞

< 𝟏. 

(2+3+5) 
 

 

Fig. Q2A 

 

Fig. Q4B 

 

 

Fig. Q5C 
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